Studies have demonstrated that the prolonged use of corticoids can delay the healing process, affecting re-epithelialization, neovascularization and collagen synthesis. As the fins of teleost fish contain a large amount of collagen, the aim of the present study was to investigate the effect of dexamethasone (anti-inflammatory and glucocorticoid steroid widely used in the treatment of rheumatic diseases) during the regeneration process in the caudal fin of specimens of carp (Cyprinus carpio). For such, two glass aquaria were used -one for a group of fish treated with dexamethasone (Henrifarma) in a 20 mg/L concentration and the other for the control group. The caudal fins were amputated transversally and fish remained in their respective aquaria until regeneration occurred. Samples of regenerating fins were collected on days 1, 2, 4, 6, 8 and 10 after amputation. The fins in the control group regenerated normally and grew within the expected in time course. The fins in the group treated with dexamethasone were significantly smaller in comparison to the control group at every evaluation time. Thus, it was possible to verify that, at this concentration of dexamethasone, the regeneration of the caudal fins was delayed, but not completely inhibited. The results show that the caudal fin is a good model for histological studies on regeneration and the action of drug toxicity, but it's also of great importance the interaction with further studies for a better knowledge and understanding of all the changes in all the phases.
Introduction
The anatomy of the teleost fish fins is relatively simple and there are no fundamental morphological or cellular differences among the dorsal, pectoral, pelvic, anal and caudal fins of the same fish (Goodrich, 1904; Prenant, 1936; Blanc, 1947; Grassé, 1958; Lanzing, 1976; Becerra et al., 1983) , demonstrating that the development of the fins has been kept the same for over 400 million years of evolution (Mabee et al., 2002) . In contrast to the different position, the patterning of the fins remains linked. In most teleosts, fin consist mainly of skeletal elements (rays) covered by skin. These rays originate at the base of the fin and extend distally toward the outer edge (Arita, 1971; Mabee et al., 2002) . Each ray is known like lepidotrichium and each lepidotrichium is made up of a pair of elongated and curved structures arranged bilaterally (demi-rays), which are subdivided longitudinally into lepidotrichial hemisegments separated by joints (Arita, 1971) , except for the radius side of the caudal fin that does not suffer bifurcation (Akimenko et al., 2003) . Two bilateral hemi-segments surround an intra-segmental region, in which nerve bundles, blood vessels and loose conjunctive tissue are found. The entire intra-lepidotrichial conjunctive tissue, which holds the hemi-segments in place, as well as the skeletal components of the fins contain a large amount of collagen (Becerra et al., 1983) . Extending from the distal portion of each lepidotrichium toward the outer edge of the fin, there is a conglomerate of small and thin spicules called actinotrichia, which sustain the edge of the fin membrane. Actinotrichia are hyperpolymerized macrofibrils composed of a protein similar to collagen, denominated elastoidin (Becerra et al., 1983; Krukenberg, 1985) .
In cases of injury, some species of teleost have the ability to regenerate fins and completely regain function (Yoshinari et al., 2009 ). This complex regeneration mechanism involves similar events to those that occur in amphibians and begins within the first hours following an injury (Murciano et al., 2007) . A number of studies in the literature report the development and histological study of the fins regeneration in teleosts. (Goss and Stagg, 1957; Kemp and Park, 1970; Geraudie, 1977 Geraudie, , 1978 Weis and Weis, 1980; Santamaria et al., 1992; Geraudie et al., 1995; Becerra et al., 1996; Böckelmann and Bechara, 2004; Böckelmann and Bechara, 2007; Böckelmann et al., 2010) . The fundamental phases of the fin regeneration process are healing, beginning with the formation of an apical epidermal cap, development of mesenchymal cells mass (blastema), the differentiation of these cells, synthesis and deposition of extracellular matrix, growth and morphological restoration (Geraudie et al., 1995; Becerra et al., 1996 Becerra et al., , 2000 Bechara, 2004, 2007; Böckelmann et al., 2010) .
According to Bechara et al. (2000) , the glycocorticoid steroid dexamethasone, which is widely used in different inflammatory processes (Reynolds, 1996) , can affect the synthesis and organization of collagen during the fins regeneration of the teleost fish. Other authors state that the prolonged use of corticoids can delay the healing process, affecting re-epithelialization, neovascularization and collagen synthesis (Gupta et al., 1999; Talas et al., 2002) .
The aim of the present study was to assess the antiinflammatory action on the regenerative processes of the fins of the Cyprinus carpio (Linnaeus, 1758), which is rich in collagen and has an exceptional natural regeneration capacity.
Material and Methods

Materials
Cyprinus carpio fingerlings with approximately seven centimeters in length, purchased from a fish farm located in town near Campinas (state of São Paulo, Brazil), were kept at the Fish Bioassay Laboratory of the Department of Histology and Embryology, Biology Institute, Universidade Estadual de Campinas (Brazil) in tanks with clean, dechlorinated water at a temperature of 25°C and constant aeration. Two glass aquaria with the same conditions (clean, de-chlorinated water, 25°C, constant aeration) were used for the experiment.
Methods
Previous assays were carried out to test the best amount of dexamethasone to be employed and describe regeneration under the action of the corticoid. From experiments, with dexamethasone in concentration of 25 mg/L, a concentration of 20 mg/L was selected. After a one-week acclimatization period, with daily change of water the tank from by other clean dechlorinated, one aquarium received 20 mg/L of dexamethasone and the other was maintained with only water as the control group. After 24 hours, the fishes were anesthetized with benzocaine (1:10000) (SYNTH, Brazil) and the caudal tails were transversely amputated in the dorsal-ventral direction three mm from the muscle peduncle of the tail (Becerra et al., 1996) . The fish were returned to their respective tanks for the occurrence of regeneration until the end of the experiment. Every day all water in each aquarium was exchanged for clean water and 20mg/L of dexamethasone was added to the experimental aquarium.
On days 1, 2, 4, 6, 8 and 10 after amputation, five specimens were removed from the experiment, anesthetized and the regenerated region of the fins was measured with the naked eye using a sheet of paper with a millimeter grid.
The fins were then excised, placed in Bouin's aqueous solution for six hours and fixed in paraffin for analysis of histological sections of 5μm in a light microscope with hematoxylin-eosin, Masson's trichrome and Picrosiriushematoxylin of three colorings for better distinction of tissue organization.
Statistical analysis
Twenty-five histological cuts of five fish from each evaluation time were randomly selected and photographed in a conventional photomicroscope coupled to the Image Pro-Plus image analysis program (version 4.1.12; Media Cybernetics, USA) and analyzed morphologically. The results were obtained with the statistical comparison between the averages of the fins before amputation and the average measurements of the areas in each time interval evaluated, employing analysis of variance (ANOVA). Followed by Tukey comparison test. The significance level was 5% (p <0.05). The INSTAT v 2.01 statistical program (GraphPad, San Diego, CA, USA) was used for all analyses.
Results
The measurements taken by the naked eye revealed in present experiment using dexamethasone concentration of 20 mg/L differences in size of the regenerated regions between the control and experimental groups, what was not measurable in the first and second days after amputation. Measures of regenerated fins were made from the 4th day of regeneration on. The mean values are displayed in Table 1 and Figure 1 .
The results obtained from the analysis of all histological sections are described below with the best images collected.
The histological analysis on days 1 and 2 after amputation revealed that the lateral epidermal cells of the portion that did not suffer injury migrated to the amputated area in the first hours following injury, forming an apical epidermal cap in both groups. There were no statistically significant differences between groups in the early regeneration process (Figures 2 and 3) .
On day 4, the fins in the group treated with dexamethasone began to exhibit significantly delayed regeneration in comparison to those in the control group. Just below the epidermis occurred the formation of the blastema, as evident by a darker mass of conjunctive cells in both groups. However, in the group treated with dexamethasone, the blastema developed less and the cells of the epithelium basal layer were not yet cylindrical, which is an essential characteristic for the synthesis of the basal membrane (Figures 4 and 5) .
On day 6, the fins in the control group exhibited normal regeneration. The epithelium and conjunctive tissue had grown in the proximal-distal direction. The cells of the epithelium basal layer were cylindrical. The cells of the blastema (now called scleroblasts) were arranged side-byside forming in single row and had begun the synthesis of the lepidotrichial matrix in the region directed toward the basal membrane of the epithelium (Figures 6, 7 and 8) . The fins in the group treated with dexamethasone also exhibited cylindrical cells in the basal layer of the epithelium involved in the synthesis of the basal membrane, but in Table 1 . Mean and standard deviation of the regenerated region length of caudal fin from Cyprinus carpio in the control and treated group at each evaluation time (observed by naked eye). a different way from that observed in the control group. Moreover, the lepidotrichial matrix had not yet begun to be synthesized and the development of the conjunctive tissue was affected, demonstrating inhibition of the regeneration process (Figures 9 and 10 ). On days 8 and 10, there were no longer large histological differences between groups (Figures 11, 12, 13 and 14) . On day 8 after amputation, the lepidotrichia in the control group had grown in length and width to virtually their full size. The same did not occur in the group treated with dexamethasone, but the regeneration process was clearly underway. On the 10th day regenerative process, the actinotrichia, which sustain the edge of the fin membrane had appeared in both groups (Figures 15 and 16 ), demonstrating that regeneration was not inhibited, but merely delayed in the group treated with dexamethasone. The analyses of the regenerated areas measurements confirmed the macroscopy and microscopic data. The area of regenerated fin tissue in the group exposed to dexamethasone was smaller than that observed in the control group on days 4, 6, 8 and 10 (Figure 17) .
Days following amputation Treatments
Although the average of the measurements between the control and treated with 4 days regeneration has not shown statistically significant differences when the two groups were compared at intervals of 6, 8 and 10 days of regeneration, the P value was found <0.0001, what demonstrates an extremely significant difference.
Thus, the morphometric and histological data reveal that the regeneration of caudal fins occurred normally in the control group, whereas the process was delayed in the group treated with dexamethasone.
Discussion
The human being is constantly subject to lesions that have healing as response, as an attempt to maintain a normal structure and function. However, some basal bodies, such as fish, have the capacity of regeneration, which is the perfect replacement of an injured cell or tissue.
Some cells or tissues are common among vertebrates in general, and this feature, along with the relatively simple anatomy of the teleost caudal fin, makes this organ a good model for studies of the regenerative capacity of tissues and organs (Kiortsis and Trampusch, 1965; Hay, 1966; Mattson, 1976; Ord and Stocken, 1984; Muneoka and Bryant, 1984; Muneoka et al., 1986; Masaki and Ide, 2007; Yin and Poss, 2008) .
Although the fins of teleost fish regenerate easily in normal conditions, they are extremely sensitive to factors such as variations in temperature, light intensity and the action of some contaminants (Johnson and Weston, 1995; Nechiporuk and Keating, 2002) .
Studies carried out at the Fish Bioassay Laboratory of the Department of Histology and Embryology of the Universidade Estadual de Campinas (Brazil) have demonstrated that anti-inflammatory drugs can or can not affect the synthesis of lepidotrichial collagen.
Among the drugs tested in this laboratory, aspirin was found to affect the lepidotrichia, leading to incomplete regeneration and an absence of the formation of actinotrichia (Bechara et al., 2003) , whereas a study involving naproxen found no significant differences in the morphometric analysis of the regenerated area Bechara, 2004, 2007) .
A number of studies have demonstrated the inhibitory effects of dexamethasone on the metabolism of conjunctive tissue in mammals. This drug accelerates the degradation of cartilage by inhibiting the proliferation of chondrocytes and formation of the extracellular matrix (Su et al., 1996; Miyazaki et al., 2000) . Oishi et al. (2002) found that dexamethasone strongly affected the synthesis and degradation of type I and III collagen in the dorsal skin of rats that received a daily dose of 1 mg/kg -1 of the drug for eight days, leading to atrophy of the skin. For this reason, since the dexamethasone is a steroid glucocorticoid drug widely used in many treatments, the effects of the chronic use of this drug on regeneration of epithelial and connective tissues have generated significant interest (Tenius et al., 2007) . Bechara et al. (2000) showed that, for some fish, the lepidotriquias' regeneration was poor after administrating dexamethasone (at a dosage of 0.25 mg / L), indicating an action of this drug in the synthesis of lepidotrichial collagen.
The use of the 20mg/L dexamethasone demonstrated that the drug increased the time required for teleost fins to regenerate, with a clear difference in the growth of the caudal fins of the treated fish in comparison to the control group. The drug slowed the regeneration process, but did not cause the complete inhibition of regeneration.
In the early regeneration process, lateral epidermal cells in the fins migrate to cover the cut surface and form an apical epidermal cap (thick layer of epithelial cells) (Böckelmann et al., 2010) . The cells of the basal layer of the epidermis then undergo dimorphism from a cubic to a cylindrical shape, at which point the production of the basal membrane occurs (Böckelmann et al., 2010) . Indeed, the present study observed the formation of the apical epidermal cap and cylindrical cells in the basal layer of the epidermis in both groups, with no differences between the group treated with dexamethasone and the control group until the onset of the development stage.
The mature epidermal cap is suspected to be a source of growth factors that stimulate the formation and maintenance of the function of the regenerating blastema (a proliferative mass of pluripotent progenitor cells), as there is no regeneration in the absence of the epidermal cap (Goss, 1991) . Poss et al. (2000) and Nechiporuk and Keating (2002) pointed out that Fgf and Msx genes stimulate the formation of the blastema, along with the Wnt5 gene, which is detected in the epidermal cap, especially in the basal layer of the epidermis in the final stages of regeneration. The epidermis has a fundamental importance in an initial phase of wound healing with regard to the closure of the wound through cell migration and consequent protection of the fish from both biotic and abiotic factors in the surrounding environment as well as in a second dimorphic phase with regard to the regeneration of the basal membrane, thereby allowing the organization of the blastema and guidance of the regeneration process as a whole.
In the present study, the onset of the blastema formation occurred by the fourth day of regeneration in the control group. From this point onward, the reconstitution of the tissue complex occurred, involving multiple cell types, with the regeneration of the lepidotrichia (rays), actinotrichias, conjunctive tissue, blood vessel and nerves, as reported in previous studies by our group (Becerra et al., 1996 (Becerra et al., , 2000 (Becerra et al., , 2003 Bechara, 2004, 2007) . However, the same did not occur among the fish treated with dexamethasone, as the blastema remained underdeveloped after four and six days of regeneration, which explains the delay in the regeneration process in this group.
Dexamethasone possibly affected the expression of the genes necessary to the regeneration process, such as Fgf, Msx or others involved in the formation of the blastema (Poss et al., 2000; Nechiporuk and Keating, 2002) . The drug may also have inhibited the cells responsible for collagen synthesis, as has been reported for the lipolytic drug SU5402 and the substance 2,3,7,8-tetrachlorodibenzop-dioxin (Zodrow and Tanguay, 2003) . Moreover, it may have inhibited collagen-producing cells through the inhibition of the translation of mRNA for type II collagen, as reported by Kawashima et al. (2003) in cultures cells.
At the dosage employed in the present study, dexamethasone affected the formation of the blastema and the regeneration of the fin. However, the animals treated with this drug demonstrated a gain in length of the amputated portion by day 8, with the reestablishment of fin regeneration. One may tentatively infer that, given the response observed regarding the regeneration rate, the kinetics may be disturbed by a chemical factor, such as dexamethasone in the present case. The harm could have been repaired during the development and proliferation of the cells of the blastema, culminating in regeneration. Despite the delay, no epimorphic alterations were observed in the histological analyses.
The use of this study model contributes toward identifying the influence of an excess of corticoids over the regeneration process and collagen synthesis.
With regard to the actinotrichia, no delay occurred in the regeneration of these structures, unlike what was observed with the lepidotrichia. Therefore, these two structures must be subject to different inhibition mechanisms during their synthesis kinetics, despite the similarity between elastoidin and collagen. These aspects should be explored on the molecular level in order to determine the action of the drug.
The findings of the present study suggest that dexamethasone affected the expression of genes that are essential to the proliferation of blastema cells, thereby impairing the total regeneration of the fins. The regeneration process occurred slowly, but without complete inhibition. Thus, the caudal fin proved to be an adequate model for histological studies on regeneration and the action of drug toxicity in this process. Much is currently being studied regarding the molecular regeneration process and, in order to get a better understanding of the alterations that occur in all the phases of this process, the interaction of different types of research is of considerable importance.
